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INTRODUCTION
Pelvic organ prolapse (POP) is a common condition for which the estimated lifetime risk of undergoing surgery is 12.6% [1] . Despite the global rise in the prevalence of obesity, defined as body mass index (BMI) greater than or equal to 30 kg/m is known regarding the relationship between obesity and surgical outcomes in this field [2] .
An association between increasing obesity and prevalence of prolapse has been reported by several authors, including data from a number of large population-based surveys [3] [4] [5] [6] [7] [8] . Obesity is recognized as a risk factor for progression of POP [9] and is the strongest identified risk factor for posthysterectomy vaginal vault prolapse [10] .
The impact of obesity on outcomes of prolapse surgery has been reported in relatively few studies. Anatomical and functional outcomes following abdominal sacrocolpopexy do not appear to be affected by obesity [11] [12] [13] , whereas a study of women undergoing sacrospinous ligament fixation with anterior mesh repair reported less improvement in prolapse symptoms in the obese group [14] .
The increasing prevalence of obesity is likely to lead to increasing prevalence of symptomatic POP. Improving our understanding of how obesity relates to perception and reporting of symptoms, impact on quality of life and outcomes of surgery will help to inform decision making and ensure that both clinicians and patients have a good understanding and realistic expectations of outcome. To our knowledge, the relationship between obesity and outcome following vaginal hysterectomy for uterine prolapse has not been reported. The aim of the present study was to compare subjective outcomes of surgery in women of normal weight, overweight and obesity, undergoing vaginal hysterectomy for POP, using prospectively collected data from a validated pelvic floor symptom questionnaire (electronic Personal Assessment Questionnaire-Pelvic Floor, ePAQ-PF) [15] .
MATERIALS AND METHODS
The study included all women undergoing vaginal hysterectomy at Sheffield Teaching Hospitals NHS Foundation Trust, UK, during the 3-year study period who completed ePAQ-PF preoperatively and 3 months postoperatively, with documented BMI and patient consent for their data to be used for research.
Women who attend our unit complete the ePAQ-PF questionnaire as part of routine assessment. This provides detailed symptom and health-related quality of life (HRQoL) data, as well as recording BMI and patient consent for use of their data in research and service evaluation.
The ePAQ-PF is a validated Web-based interactive questionnaire which provides an in-depth evaluation of a woman's pelvic floor symptoms and their impact upon her HRQoL [15, 16] .
The questionnaire can be completed online, or using a touchscreen computer terminal in clinic. The questionnaire presents up to 132 items and was designed to improve communication and detailed assessment by providing patients with an opportunity to report symptoms of an intimate and sensitive nature, many of which might be difficult to express face-to face [17, 18] . The questionnaire covers dimensions of urinary, bowel, vaginal and sexual function.
For this study, the following items from ePAQ-PF questionnaire were assessed.
Comparison of pre-and postoperative vaginal prolapse domain scores and impact. Domain score is a composite of responses to the following questions on the ePAQ questionnaire; • Q84: Do you feel that something is dropping down inside your lower abdomen or vagina? • Q85: Do you feel that your vagina is too loose or too lax?
• Q86: Do you feel a lump or bulge coming down in your vagina? • Q87: Do you feel a lump or bulge that comes out of your vagina altogether, so that you can feel it or see it on the outside? Response options are 'never', 'occasionally', 'most of the time', or 'all of the time' and scored 0, 1, 2, or 3 respectively. Symptom impact is graded as 'not a problem', 'a bit of a problem', 'quite a problem', or 'a serious problem' and scored 0, 1, 2, or 3 respectively. Domain scores are calculated by dividing the sum of all item scores in the domain by the maximum total possible score and multiplying this by 100, to produce a scale ranging from 0 to 100. On this scale, a score of 0 indicates the best and 100 indicates the worst possible health status.
Analysis of pre-and postoperative responses to individual POP symptoms relating to; 'awareness of something coming down (SCD)' (Q84), 'vaginal laxity' (Q85), 'awareness of a vaginal lump or bulge' (Q86).
Comparison of pre-and postoperative vaginal symptoms quality of life (VS-QoL) scores generated from responses to 3 questions; (1) Overall, how much do vaginal problems interfere with your enjoyment of life? (2) Do you have any vaginal problems that interfere with physical activity? (3) Do you have any vaginal problems that interfere with social activity?
Assessment of 'overall change in condition' based on a validated 7-point scale; 0 = very much worse, 1 = much worse, 2 = a little worse, 3 = no change, 4 = a little better, 5 = much better, 6 = very much better.
Four surgeons carried out the hysterectomies included in this study, using a standardized technique. All women under- going vaginal hysterectomy and vaginal wall repair had a procedure using absorbable suture materials only. No mesh inlays or nonabsorbable suture materials were used as part of surgery. All women had McCall culdoplasty to unite the uterosacral ligaments in the midline and obliterate the dead space where a potential enterocoele could form. The uterosacral ligaments were also fixed to the vault and tied across the midline. Concomitant native tissue anterior vaginal wall repair was undertaken if point Aa on the POP quantification (POP-Q) grid was within 1 cm of the hymenal ring. Likewise, concomitant native tissue posterior wall repair was undertaken if point Ap on the POP-Q grid was within 1cm of the hymenal ring. All patients who had a sacrospinous fixation had this undertaken with a Capio SLIM Suture Capturing Device (Boston Scientific, Marlborough, MA, USA) and 2.0 PDS was the suture material used.
Ethical approval was obtained from The University of Sheffield (registration number: 006343). Data were anonymized and statistical analysis was undertaken using IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). Pre-and postoperative symptom scores were compared using a repeated mixed analysis of variance (ANOVA) test for BMI as a categorical variable (normal: 18-24.9, overweight: 25-29.9, and obese: 30-35 kg/m 2 ). Spearman rank order correlation test was also carried out to evaluate BMI as a continuous variable.
RESULTS
In total 60 women were included in the study and completed ePAQ-PF both preoperatively and 3 months post operatively during the study period. Of these 60 women, 20 were of normal weight, 20 were overweight, and 20 were women with obesity. The average age for the cohort was 63 years (range, 37-88 years). The average age in the normal BMI group was 63.2, in the overweight group it was 61.6 and in the obese group it was 64.8. The average parity for the cohort was 2.4. The average parity in the normal BMI group was 2.4, in the overweight group it was 2.5 and in the obese group it was 2.35. When assessed by Student t-test, there was no significant difference in age for women with normal BMI compared with overweight BMI (P = 0.24), normal BMI compared to obese BMI (P = 0.33), and overweight BMI compared with obese BMI (P = 0.13). There was also no significant difference in parity when assessed by Student t-test for women with normal BMI compared with overweight BMI (P = 0.37), normal BMI compared to obese BMI (P = 0.42), and overweight BMI compared with obese BMI (P = 0.30). All women in the study had uterine prolapse grade 2 or more using the POP-Q system. There was no statistically significant difference in age, parity or grade of prolapse between the 3 groups. Characteristics of the 3 BMI groups are reported in Table 1 .
Fifty-six women underwent vaginal hysterectomy with anterior or posterior repair, 2 of whom underwent concomitant sacrospinous ligament fixation. Four women underwent vaginal hysterectomy, without vaginal wall repair. No other concomitant procedures were undertaken. All the surgical procedures undertaken are reported in Table 1 .
VS-QoL Scores
The preoperative impact of prolapse on VS-QoL was significantly less in women with obesity when compared with women in the overweight group (P = 0.026) and normal weight group (P = 0.032) ( Table 2 ). Significant improvements were observed in VS-QoL scores postoperatively in all BMI groups (Table 2) . There was no significant difference in degree of improvement between different BMI groups (P = 0.102).
Overall Change in Condition
Forty-six women (77%) answered the global rating of outcome question, of whom 93% (43 of 46) reported improvement in their condition.One woman felt that there was 'no change' and 2 women felt that their condition was 'a little worse'. Surgery resulted in improvement in overall condition in all groups: normal weight group (4.9 ± 0.3), overweight group (4.6 ± 0.9), and obese group (4.5 ± 0.8). Analysing BMI as a continuous variable, BMI was significantly correlated with global rating of outcome; women with the higher BMI reporting poorer overall outcome (Spearman rank-order correlation rs = -0.324, P = 0.028).
Prolapse Symptoms Domain Scores
Significant improvement was seen in the prolapse symptoms domain score for all BMI groups (Table 3) . Data from all patients combined (n =60) showed 91% improvement, from 55 ± 18 to 6 ± 14 (P < 0.0005). There was no significant difference in the degree of improvement of prolapse symptoms with increasing BMI (repeated mixed ANOVA test, P = 0.57, Spearman rank-order correlation test (rs = -0.104, P = 0.44). There was no significant correlation between pre-and postoperative prolapse impact scores and BMI (repeated mixed ANOVA test, P = 0.223). 
Prolapse Symptom Scores
The 2 most commonly reported symptoms of prolapse were 'awareness of something coming down' and 'awareness of a lump', reported by 97% and 95% of women respectively. 'Vaginal laxity' was reported by 48% of women. Data from all patients combined showed significant improvement in all symptoms (Table 4) . Further analysis demonstrated no significant difference in degree of improvement of individual prolapse symptoms between different BMI groups (repeated mixed ANOVA tests, P > 0.05).
DISCUSSION
The aim of this study was to investigate the impact of BMI on subjective outcomes of vaginal hysterectomy for POP. The main finding is that patient-reported perception of overall improvement in their condition following hysterectomy for prolapse is negatively correlated with increasing BMI.
As women with raised BMI appear to be less satisfied with subjective outcome of surgery for POP, the potential merits of delaying surgery on patients with significantly raised BMI and POP should be considered. The increased intra-abdominal pressure associated with obesity which leads to associated pressure on the pelvic floor is the theoretical mechanism implicating obesity as a risk factor for POP. Therefore, weight loss should lead to improvement in symptomatic prolapse and as this study shows, may also lead to improved subjective outcomes following surgery after weight loss.
However, the impact of weight loss on POP still remains unclear. As part of the Women's Health Initiative trial, which investigated health issues in women taking hormone replacement therapy; 16,608 women were followed up over a 5-year period to investigate the relationship between weight change and POP [9] . Although this study observed an association between Values are presented as mean ± standard deviation. Score 0 = never; 1 = occasionally; 2 = most of the time; 3 = all of the time.
weight gain and POP progression, weight loss was not associated with prolapse regression but in fact with borderline worsening of uterine prolapse [9] . Likewise, the impact of bariatric surgery on POP has demonstrated conflicting results, with one study reporting significant reduction in prevalence of symptoms of POP from 54% to 18% at 1-year follow-up [19] , while other studies have shown no effect [20] [21] [22] . In contrast, a weight loss program for women with stress urinary incontinence reported (SUI) that women who lost 5%-10% of their body weight were significantly more likely to achieve substantial reduction in SUI symptoms than women in a control group [23] .
There is also strong evidence that bariatric surgery has significantly beneficial effects on SUI [24] . A common rationale for delaying surgery in morbidly obese patients with POP whilst they lose weight is to reduce the risk of intraoperative complications. However, only one study has reported complications of prolapse surgery specifically related to BMI, finding that obesity was protective against blood loss, transfusion and long-term urinary retention [25] . The retrospective design of this study may have introduced selection bias as it possible that women with obesity may have been managed differently. Evidence of a significant increase in risks of immediate complications during prolapse surgery in obese patients is lacking.
A further potential rationale for recommending weight loss to patients with POP prior to surgery, is to reduce the risks of recurrence. A small retrospective study of 69 women found that BMI was a significant risk factor for surgical failure at 1 year [26] and obesity has been associated with significant risk of recurrent anterior vaginal wall prolapse following anterior colporrhaphy [27] . Conversely, a 5-year prospective study of 376 women undergoing prolapse and incontinence surgery found no association between obesity and recurrence [28] . Moreover, a systematic review from 2015 found that though higher BMI was a significant risk factor for primary POP, it was not a significant risk factor for recurrent prolapse [29] . Therefore, delaying surgery for POP whilst patients lose weight may not be beneficial for reducing complications or recurrence of the prolapse.
Comparison of our findings with other studies is limited, as only a few papers have reported the impact of obesity on outcomes of prolapse surgery. Obesity does not appear to affect anatomical or functional outcomes in women undergoing abdominal sacrocolpopexy [11] [12] [13] . A study involving women undergoing sacrospinous ligament fixation with anterior mesh, employing Asian BMI categories (where obesity is classed as BMI > 27.5 kg/m 2 ), reported less symptomatic improvement in women with obesity [14] . Whereas these studies involved the use of synthetic mesh to treat vault prolapse, the present study related specifically to women undergoing vaginal hysterectomy for prolapse, so results are not directly comparable.
Since increasing BMI was associated with a lesser degree of overall improvement in condition and improvement in POP symptoms was not related to BMI, perception of outcome may be related to factors other than impact of prolapse surgery on prolapse symptoms. BMI affects how individuals perceive their general health and well-being [30] and obesity is associated with impaired health related quality of life and poor levels of subjective health status [31] . A population survey of 2,000 people in America reported decreased HRQoL with increasing obesity, even without the presence of chronic disease [31] , and in a population survey of almost 10,000 people in Australia who completed the Short Form Health Survey, high BMI was associated with reduced levels of physical and mental well-being [32] . The assessment of 'overall change in condition' in the present study is a subjective measure of treatment outcome. Women with obesity may perceive change in their condition differently to women of normal weight.
The ePAQ VS-QoL score is generated from responses to questions relating to the impact of vaginal symptoms on physical and social activity and enjoyment of life. Women with obesity and POP reported significantly less impact of prolapse on their VS-QoL preoperatively than normal weight or overweight patients, a possible explanation for this being a relationship between physical activity and BMI. Women with obesity may be less likely to engage in physical activity than women of normal weight and therefore report less impact of prolapse on their quality of life. This finding may relate specifically to prolapse as it contrasts with published reports of impaired health related quality of life with increasing BMI.
The main limitations of our study are the short follow-up period (3 months) and lack of pre-and postoperative objective data, including POP-Q scores. It is possible that patients who were unsatisfied with their surgery may have disengaged from the follow-up process and not completed the postoperative questionnaire that was requested, thereby introducing reporting bias. However, our comprehensive pre-and postoperative questionnaire data from 60 patients undergoing vaginal hysterectomy for prolapse has permitted a detailed comparison of subjective outcomes between different BMI groups in this small study.
